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Human Mars Mission Architecture 

Design Reference Mission: 2014 Opportunity 
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Two 80 mt Launches (Six - Seven 80 mt LV Launches to include backup vehicles) 
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DESIGN REFERENCE 
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Launch Delta V Losses C 3 Arrival TOF Stay Departure Delta V Time Duration 

Date (m/s) (m/s) (km 2 /s 2 ) Date (days) (days) Date (m/s ) (days) (days) 

1/20/14 4019 132 15.92 6/30/14 161 573 1/24/16 1476 154 888 

1/22/14 4018 131 15.92 7/21/14 180 568 2/9/16 1476 180 928 



TOOLS USED/APPROACH 
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Human Mars Mission: Design Reference Mission 

DRM “Scrub v3.0” Architecture: 2011 / 2014 Opportunity 



xiii-io 


TOOLS USED 



PL, 

O 

H 


C/3 

<D 

4-> 

c 3 

13 

> 

V-< 

5-h 

c 3 

CS 

od 

<D 

i-i 

3 

4-> 

Lh 

cd 

CU 

<D 

X 3 

T 3 

<D 

+-> 

cd 


C/3 


C/3 
C/3 

<3 

S 

>> 

Ui 

<D . 

> 


<D 


<D 

<D 

a. 

C/3 


< 4-1 C/3 

C3 C/3 
S-i d> 

q o 

ca 

g<l 3 

C/3 


a> 

Cd 


O 


S g 

*C 3 
o 

T 3 

c 


ad 

Om 

a> 


W W 


XIII-ll 


• Optimization criteria (minimum initial mass, TOF, 
or total Delta V) 
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- Velocity losses 

— Departure and arrival excess speeds 



Cargo mission Departure Energies 
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Piloted Optimal Mission Departure Energies 
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TOOLS USED/APPROACH 
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Piloted missions: 

- Minimum initial mass for 180 day TOF 

- Minimum in-flight time at 201 1 C 3 s 



Earth-Mars Trajectories 

2011 Conjunction Class 

C 3 (Departure Energy) km 2 /s 2 


7/26/13 -i 


l| Personal Porkchop Plotter 


4/17/13 -I 


1/7/13 H 


Arrival 

Date 


9729/12 ^ 


6/21/12 H 


3/13/12 J 



"■ r 

10/5/11 11/14/11 12/24/11 2/2/12 3/13/12 4/22/12 
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8/15/15 


5/7/15 


1/27/15 


10/19/14 


7/11/14 


4/2/14 


Earth-Mars Trajectories 

2013/14 Conjunction Class 

Departure Excess Speed (km/s) 
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Earth-Mars Trajectories 

2013/14 Piloted Missions 


Baseline Mission Designed to 20 1 1 Departure 

Excess Speed 


9/9/14 -r 


8/20/14 4 


7/31/14 -4 


7/11/14 4 


6/21/14—4 


6/1/14 -» 



I 1 1 1 1 1 

11/3/13 11/23/13 12/13/13 1/2/14 1/22/14 2/11/14 


E - Minimum flight time trajectory using 201 1 Piloted Mission Departure Excess Speed (3.99 km/s) and 
while maintaining acceptable Mars entry velocity needed for aerobraking. 

Departure: 1/20/14 (56678J) Arrival: 6/30/14 (56839J) 

L = Latest possible trajectory to keep flight time limited to 1 80 days. The acceptable window of 
opportunity for launch will be along the arc from E to L 
Latest Departure: 1/22/14 (56679J) Arrival: 7/21/14 (56859J) 


O - Minimum flight time trajectry using 201 1 Piloted Mission Departure Excess Speed (3 
amval excess speed * 8.56 km/sec, which exceeds the limit of 7. 167 km/sec 


.99 km/s). Mars 


M Minimum departure excess speed and initial mass trajectory for 2014 
Departure: 1/4/14 (56662 J) Arrival: 7/3/14(56842) 


opportunity for a 


flight time of 180 days 


XIII- 19 



REDUCED PILOTED MISSION 
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* Arrival excess speed at Mars exceeded at shorter flight times 
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ADDITIONAL STUDIES 
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All chemical configurations (LOx/LH 2 ) 




XIII-23 


Departure (^(krn^s 2 ) 




TIME-OF-FLIGHT TRADES - 2014 
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2014 Tradeoffs/Launch Dates 
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ALL CHEMICAL 
PROPULSION 
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LESSONS LEARNED 
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2018 Opportunities 
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